When I first knew the synthetic biology, I asked my advisor...

Which Problem
Can We Solve™

Maybe Energy Crisig
In The Future

Introduction: Lignocellulosic biomass refers to plant biomass that is composed of
cellulose, hemicellulose, and lignin. The fermentation of lignocellulosic biomass to
ethanol is an attractive route to fuels that supplements the fossil fuels. However, one
barrier to the production of ethanol from biomass is that the sugars necessary for
fermentation are trapped inside the lignocellulose. To extract the fermentable sugars,
we must first disconnect the celluloses from the lignin, and then break the newly freed
celluloses down into simple monosaccharides.
Method: We have planned to con-
struct two whole-cell biocatalysts with
the ability to induce synergistic and
sequential cellulose and hemicellulose
degradation reactions through co-

In the research that treating sewage
by means of MFCs to generate
Cé electricity, researchers found that the
capacity of electricity generationand
conduction greatly enhanced after the
formation of biofilm, compared to a
single free bacterial microorganism,
which inspires us to generate
electricity after making MFCs to
produce biofilm. Here, in our

biogenerator part, we design four
devices to conduct our bioelectrogenesis process, including the chemotaxis to Hydr-

Then, after discussing with my teammates,we came up with lots of
fantastic idea...

display of two types of degradation Li gnoce llulose ogen ions’ concentration gradient, .the formation of biofilm, cell density control and
enzymes on each of the Pichia pastoris Alcohol process of bioelectrogenesis.
cell surface. Glyphosate Chemotaxis: the fusion protein of LuxR domain and Tsr domain to detect the AHL

In order to make sure that several Po lyet hyl enc and lead to chemotaxis.

of our cell display enzymes are actually Biofilm Ag I Syste m
displayed on the surface of yeast, we

utilized Immunofluorescence technique Lycopene Biogenerator
and Flow Cytometry to detect protein Flectri city

location and their relative abundance.

Biofilm formation: while the CsgD gene would facilitate the formation of biofilm,
we use Pvgb promotor as the key to activate the expression of CsgD.

And finally, we selected two funny idea as parts of our synthetic Cell density control: the expression of CcdB leads the cells to programed cell death.

Result: We constructed several strains of Pichia pastoris that pretreat lignocellulose, . _
biofactory project...

an important biomass resource, degrade cellulose, hemicellulose and lignin, the three

polymers of lignocellulose, and finally generate ethanol. Lign ocellulose — Glucose — Ethanol Process of bioelectrogenesis: either the pflB, f{dhF or NOX will play a positive role in

- We have primarily constructed a pathway that incorporates enzymatic hydrolysis the consumption and regeneration of NADH and produce electron.
and bioethanol production.

- We have successfully engineered four different yeasts for lignin degradation.
- We have displayed two cellulases and two hemicellulases on seperate yeast surface

Biogenerator M . Electricity

From Lignocellulose to Biofuel:
Lignocellulose is composed of cellulose, A SynthEtiC biOlogy approaCh

hemicellulose and lignin, each taking up
35-50%, 20-35%, and 10-25% of the total

Hydrogen ions’ concentration gradient Model

In our assumption, we first design a concentration gradient of hydr-
ogen ions’ concentration as in any other traditional practice in the water

amount respectively. Ll gn() cellulose Li gnoce llulose Glucose Ethanol channel. We fi.lled ’Fwo channels with wasted water of different PH
(1) Lignin Degradation values. Then, just link the two by a water tube. As the tube may be
DBCOmpOSEI' >>Fossil Ene rgy Substitude rather small comparing to the channels, We may simulate that the PH

values of two channels keep the stable value of its own for a long time. In

We constructed three strains gf Pichia vastoris that ﬁretre at liano- the end, t.he hydrogen ions’ con-centration gradient can be constructed.
d}o ’ Supposing that the length of water channel may be d

cellulose, an important biomass resource, degrade cellulose, hemicellulose The y-axis is along the gradient, while the x-axis is perpendicular to

and lignin, the three polymers of lignocellulose, and finally generate y-axis.

: . When the concentration is steady, we shall assume that the con-
ethanol. We introduced several genes and used external secretion and cell centration close to acidic water is a. and the concentration close to

surface co-display techniques to express the corresponding enzymes. alkaline water is b.
Hence, concentration C: The equation can be solved as below:
(2) Hemicellulose Degradation . Glucose , ,
- Bilogenerator M >>New approach of bioelectrogenesis
Biogenerator ' . Electricity

The diffusion is defined by :

The distribution of H+

Microbial Fuel Cell (MFC) can generate electricity using glucose, acetate
or lactate, especially when the substrate is simple organic. Our project
(3) Cellulose Degradation would firstly construct a signal requlated network to control the formation
or depolymerization of biofilm. And then we will build a metabolic
_pathway to decomposition pyruvate into CO2, so that the NADH can be
consumed and regenerated for electric energy export.

Distance/Relative Value

Meet Our Team

Our members

To confirm display of the four proteins on the come from a Quorum Senor odel : : .
Pichia pastoris cell surface, immunofluorescence variety of The senor module of our system detects protons’ concentration. Upon binding of
labeling of the cells was calirie d out using Mouse departments, the promoter Purel, a series of downstream gene regulation take place. The AHL

Anti HA-Tag Polyclonal primary antibody and majoring in which secrets external cell can bind the LuxR, affect the Tsr and its downstream

Fluorescein (FITC)—conjugated Affinipure Goat loscience, pathway and change the motio.n of flagella. : :
Anti-Mouse IgG(H+L) for xyn(Endo-xylanase) bioinformatics, In the model, Purel can be induced by Hydrogen ions and improve the
bioengineering, f| expression of PluxI, which will also induce production of AHL.

and bglX(Beta-1, 4 glucosidase), Rabbit Anti

Flag-Tag Polyclonal primary antibody and Goat LED Group— computer science
Anti Rabbit RPE Polyclonal antibody for Ruxyn ete.
(Beta 1, 4 xylosidase) and celsA(endoglucanase). b of oot el e Team leader: Yu-Liang Wu
The processed samples were observed under e el LCD leader: Xing Qin
fluorescence microscope and detected by flow s red fuoeseeree comesponds i clis et vith oo Modeling leader: Zhicheng Pan
cytometry. Biogenerator leader:Jiapeng Han Bioﬁlm-F Ormation mOdel
Advisor: él}n-Jgn Yan, Yu Xue With the chemotaxis of E.coils, the oxygen-concentration near the cathode is
1an e

Modeling Group lower and lower. Then the oxygen-sensitive promoter Pvgd and the promoter Purel

Team members: Menglan Xiang, Ping Liu, Yong Tang, Chen Li all lead to the expression of CI. As the regulation of CI, CsgD can be produced in the
Jiahao Zeng, Yaguang Dou, Mengna Wang, Fang Pan,Xue Zeng final gene.
Left: pPICZa negative control (x-mean: 0.306/1.17); Right: bglX (x-mean: 23.4/23.6) Left: pPICZa negative control (x-mean: 0.62/4.31); Right: xyn (x-mean: 67/67.6) B 1Ogenerat0r Group XiaOtong Li? Shuangyang Song? Qihua Liang> Peidong Liu
Qin Yuan, Huihui Wu, Yu Du, Lucy Zhou

Human Practice

Survey

Our quorum Senor Model can be activated by hydrogen ions and micro-aerobic
atmosphere which lead to the formation of CsgD.
The ODEs for the states involved in the biofilm-formation are given below:

Left: pPIC9k negative control (x-mean: 1.14/13.4); Right: Ruxyn (x-mean: 8.56/19.9) Left: pPIC9k negative control (x-mean: 1.14/13.4); Right: cel5A (x-mean: 5.55/16.5)

As shown above, the fluorescence results and the

analyses of flow cytometry confirm single display of We have designed a questionnaire to survey a
Ruxyn, xyn, cel5A and bglX. number of professors and graduate students in our
In the left figure, the detection of the red university on their opinions about synthetic
Codisplay of Ruxyn and xyn fluorescence and green fluorescence on the same biology and our project.
Pichia pastoris cells comfirm the codisplay of Ruxyn
and xyn,cel5A and bglX. Ou tre aCh .
When new school year started, we decided to go out and smell the Cell-Densuy Control Model
F uture WO r k fresh air, also the freshman boys and girls, and introduce them to In order to control the reaction rate of substrates and speed of bacteria’s growth,
| 1) We have tried to use enzyme assay methods to the fantastic world of synthetic biology and iGEM. we incorporate a pathway containing CcdB which can be used to induce cell death.
SRR determine the enzymes activities, but we didn’t We have held numerous sharing meetings, having our team members N, represented as cell density, can be regulated by concentration of CedB and CsgD.
get satistying results. We will find more effective metods later, to ensure that introducing to the curious freshmen what synthetic biology is, what With the chemotaxis of bacteria to high concentration, cell density will be added
those enzymes activities can be accurately determined . 1GEM is about, what our project does, and so on. from the low concentration area of bacteria. The proportion of cell can be determineg

by CsgD and protons.
The proportion of cells swimming to peripheral-high concentration of cell can be
determined by CsgD and protons.

The ODEs simulate the cell-density control from single cell to population level.
AL | | | Cellldenslity |

2) We will explore the optimum condition for yeast fermentation.

3) We would like to analyze the synergistic reaction of the cellulases and hemi-
cellulases codisplayed on the cell surface and to construct a yeast whole-cell
biocatalyst with an improved ability to catalyze cellulose and hemicellulose
degradation and fermentation.

N
[

2_

CAL (Cellular Automaton Literal) is an open-source program aim to provide
brand new solution to computer simulations. In CAL, all cells (white dot in the
figure above) of the colony change their states simultaneously under the exact
same rules in CAL. This is to make sure that no cell receives a special treatment.
All the cells interact with other cells and consequently affect the system.
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Oxygen Concentration Model

As the chemotaxis, bacteria can be aggregated near the cathode. It may seem
obviously that oxygen concentration is varied among the x-axis. Also, the oxygen’
diffusion obeys the rule of Fick’s law. The equation of oxygen’ diffusion can be
described below. is oxygen consumption rate of a single cell.

| | | | |
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Green curve in the graphic above shows a Time/h
stream whose cells density oscillate under
population control. And blue curve shows colony
in which cells gain resistance and pass it on to
next generation. The livability of blue colony has
enhanced consequently. And the cell density of

blue colony has enhanced since more and more cell obtain resistance through heredity.

This is a simulation about biogenerator project. This is a graphic about distribution

Our CAL is not limited to our project. It is open-source. Everyone can get a copy and revise it freely  onetetitisabio-fiim formed on anthode of cells under population contol.




